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® Water and l^eat management for solid polymer fuel cell stack. 



® Product water and proton transfer water are re- 
moved from the cathode side of a solid polymer fuel 
cell assembly by an absorbant oxygeri flow field 
plate (18) which contacts a wetproofed cartx>n paper 
sheet (66) abutting the cathode side of the elec- 
trolyte polymer (64): Water droplets appearing on 
the oiiti^ Surface of the paper sheet are absorbed 
into the flow field plate (18) and then move laterally 
thiDugh the flow field plate to the edges thereof 
urtder the influence of the high pressure oxygen 
reactant gas in the oxygen flow field. A gas-sealing 
biibble barrier plate (52) borders the oxygen flow 
^fi^ plate to allow passage of water, but prevent 
^ passage of oxygen, out oif the oxygen flow field 
q) plate. iStots (56) are formed in the bubble barrier 
ITN piatiss (52) to collect water ifrorn the oxygen flow field 
^ plates. In a stack of the cell assemblies, water pas- 
^fOsag^s (12) (34) (65) (72) cornmunicate with the slots, 
^and all of the plates carry water through the pas- 
~ sages to the end of the stack where the water is 
Oejected. 
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Water And Heat Management In Solid Polymer Fuel Ceil Stack 



Technical Reld 

This invention relates to a sond polymer fuel 
cell power system, and more particularly to a pas- 
sive water management system for a solid polymer 
fuel ceil stack. 



Background Art 

Fuel cells which include a solid polymer elec- 
trolyte membrane are. knovm. in the prior art This 
type of fuel ceil operates best when the electrolyte 
membrane is kept moist with water because the 
membrane will not operate effictently when it is 
dry. During operation of tjte aslls, water is dragged 
through the membrane frorn the anode $ide to the 
cathode side atong with proton movement through 
the membrane. This phenomenon tends to dry the 
anode side of the ni^brane, and also tends to 
create a water film on the cathode surface of the 
membrane. The cathode, surface wilL. be further 
wetted by product >ater whtch^^ fe in the 

electrochemical reaction and appears on the cath- 
ode surface. Thus water must be supplied to the 
anode side of the membrane to prevent drying, but 
water must be removed from the ciathode side to 
prevent a film of water from forming on the mem- 
brane surface which blocks access of the oxygen 
reactant to the membrane. In order to ensure that 
oxygjen can fiow through , to the cathode surface of 
the membrane^ a wel^f3^ 

i> iusdajiDSi^ the 'mem- 

^^^^^;'the pai^ she^et Js^^^^ 
obcyg^rr to diffuse meihb^i^ but the 

wetpippfing c^l^i^^^^^^t^^^^ on the 

cathode surfape tbrbeyun^ The 
w^er thus tends to flow- through the paper along 
restricted ftow pa)^, and beads up on the outside 
surface of the piaper remote from the membrane. In 
the prior art this beaded water was wicked off of 
the paper by a fibrous wick which extended around 
the edges of the paper and led to a porous ceramic 
block. The stack of the prior art thus included a 
fibrous wick for each cell and the porous ceramic 
block common to all the cells which held the wafc^. 
This anrangement makes edge sealing of the cells 
very difficult, thus there was frequent reactant cros- 
sover at the cell margins with resultant fires; 



Disclosure Of The Invention 

The cell and stack construction of this invention 
ensures that water which appears on the cathode 



surface of the cells will t^e drawn off of the wet- 
proofed paper layer by porous oxygen flow Held 
plates abutting the paper layer. Separator plates 
interposed between each cell assembly in the 

5 stack are impervious to the water in the oxygen 
flow field plate. Reactant pressure in the oxygen 
stream forces the water in the oxygen flow field 
plates to move laterally in plane in the plates to the 
margins thereof. Reeictant sealing bubble barrier 

10 pia^ are disposed at the marginal edges of the 
cell plates to prevent reactant crossover. These 
bubble barrier seals are porous plates whose pores 
are filled with water. Water .cpnduitef are formed 
integrally in the cell plate structures outwardly adja- 

/5 cent to the bubble barrier seals. The water in the 
oxygen flow field plates is forced by oxygen reac- 
tant pressure Into the bubble barrier seals and 
thence into the water conduits where the water is 
removed from an end of the stack through drain 

20 pipes which communicate with the intemal water 
conduits. The stack is cooled by Intermittent car- 
bon cooling plates which carry heat outward to the 
edges of the stack to cooling fins or the like moun- 
ted on the sides of the stack. 

25 It is therefore an object of this invention to 

provide an improved solid polymer electrolyte fuel 
cell system Which uses passive waW management 
to remove product water from the cells. 

It is ^ further object of this invention to provide 

30 a fuel cell system of the character described 
whereip product water Is remoyed.frpm the cathode 
side of each cell so as to prevent srhothering of tfie 
pathcKje by produrt water collecting on the surface 
of tiie electrpiyte membranes.. 

35 It is another object of this inventiori to provide 

a fu^I pell system pf th^ -character described 
wherein product water; is removed from the cells 
thrqygh tine lateirgj gas se^ls-in . 

it is an ad<*tion^ object^^ this invention to 

40 provide a tufi pel) system of the character de- 
scribed, wherein the product water is carried away 
from the electrolyte membrane by a porous cell 
plate c»rnponent .and moved through bubble jbarrier 
seals by means of reactant gas pressure in the 

45 cathpde side of Wcells7 

These and other objects and advantages of the 
invention wi|l becorhe more readily apparent from 
the following detailed description of a preferred 
embodiment thereof, when taken in conjunction 

50 with the accompanying drawings, in which: 



Brief Description Of The Drawings 
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FIGURE 1 is a scheniatic view of a pr8f erred 
embodiment of the fuel cell .system of this inven* 
tion; 

RGURE 2 is a perspective view of a anode 
flow field plate of a ceil formed in accordance with 
this invention; 

RGURE 3 is a p)erspective view of a cathode 
flow field plate of a ceil operating in accordance 
with this invention; 

FIGURE 4 is a fragmented sectional view of 
one of the cell subassemblies perpendicular to an 
edge thereof; 

FIGURE 5 is a perspective view of one of 
the end plates used in a cell stack formed in 
accordance with this invention: 

RGURE 6 is a perspective view of a stack 
utilizing cell structure formed in accordance with 
this invention: and 

RGURE 7 is a plot showing the oxygen 
pressure differentia] as a function of cell current 
and product water volume. 



Best Mode For Carrying Out The Invention 

Referring now to the drawings, there is shown 
in Rgure 1 a schematic representation of tfie fuel 
cell power plant of this invention. The power plant 
which is a compact assembly suitable for use in 
the form of a backpack for s^xace station applica- 
tions or the like, includes a stack 2 which is cooled 
by strapH>n coolers or fins 4 or tiie like. The stack 
2 has reactant purge outlets 6 and 8 for use in start 
up. The outiets 6 and 8 are typically closed during 
extended operation of the system. Reactant supply 
tanks 10 and 12 will be located externally of the 
stack 2. The tanks 10 and 12 can be carried about 
in a sling or the like and hooked up to the stack 2 
whenever the need to use the power plant occurs. 
The power plaifit thus Is a portable system which 
can be used in space applications. The reactants 
can be derived from onboard electrolysis cells 
which are run by solar panels. A tank 14 is pro- 
vided to receive ttie product water fbrmed by the 
chemical reaction. This product water will be re- 
turned to ttie electrolysis cells for reconversion to 
hydrogen and oxygen. It will be noted that the 
system is completely passive-and requires no mov- 
ing parts (except for the purge valves which can be 
opeirated manually) to produce electrical power. 
Reactant and water flow is accomt>lished by reac- 
tant pressure. 

Referring to Rgures 2 and 3» there are shown 
tiie anode and catiiode reactant flow field plates, 
denoteid generally by the numerals 16 and 18. 
respectively. It will be understood that the surfaces 
of the plates 16 and 18 which are shown in Rgures 
2 and 3 each face the electrolyte membrance 
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which will be interposed between the plates 16 and 
18 in tf^e assembled cells. The extent of the el^- 
trolyte membrane is shown by tiie phantom line 19 
in Rgure 3. The anode plate 16 is formed from a 
5 pressed, sintered and graphrtized mixture of carbon 
particles and binder. The plate 16 includes a cen- 
tral flow field portion 20 which has a network of 
lands and grooves. A hydrogen inlet passage 22 is 
fontied with an adjacent notch 24 to allow hy- 
10 drogen flowing tiirough the inlet passage 22 to 
permeate the flow field portion's grooves. A hy- 
drogen outiet passage 26 and notch 28 are dis- 
posed diagonally opposite the inlet passage 22 for 
use only during tiie Initial purging of the anode side 
75 of the stack 2. Once, purged, the hydrogen side of 
the stack 2 is dead-ended. Oxygen flow passages 
30 arid 32 are also included in opposite comers of 
the anode plate 16. On each side of tiie flow field 
portion 20 there are provided a plursdity of water 
20 flow passages 34' and 36 tiirough which product 
water flows oiit of tiie^catiiode sides and out of tiie 
stack 2 to the product water tank 14. 

The cathode plate 18 also has a central flow 
field portion: 38 fbrmed with a network of grooves 
25 and lands. An oxygen, inlet passage 40 witii asso- 
ciated notch 42 Is disposed in one corner of the 
plate 18» arKl an oxygen outlet passage 44 with 
associated notch 46 is:disposed in the diagonally 
opposite comer of the plate 13. The passage 40 
30 registers , with tiie passage 30 in the plate 16. while 
the passages 44 and 32 also register with each 
other when tiie plates; 16 and 18 are assembled to 
form a cell: Hydrogen 25 passages 48 and 50 are 
also included in opposite comers of the plate 18. At 
35 opposite edges of tiie flow field portion 38 thare 
are disposed porous bubble barrier seal areas 52 
and 54. These areas are filled with water to form a 
seal .to prevent tiie reactant gaises from diffusing 
through the edges of: the plate vl 8. This prevents 
40 reactant combustion from occuning. A plurality of 
slots 56 and 58 are disposed in the seal areas 52 
and 54,- respectively: The slots 56 and 58 collect 
. product water migrating tiirough the tMibble barrier 
seal areas 52 and 54, and tiie passages 56 and 58 
45 align with ttie passages 34 and 36 to provide 
passageways through tiie stack for drawing product 
water tiierefrom. It will be noted from Rg. 3 tiiat tiie 
mar^n 19 of the membrane extends beyond all of 
the openings in the plates 16 and 18, ttius the 
50 membrane will also require matching openings to 
be fbrmed therein. 

Referring now to Rgure 4, there is shown a 
cross section of one of the cell structures utilizing 
the invention. As is shown, tiie electrolyte mem- 
55 brane 64 is sandwiched between ttie flow field 
plates 16 and 18. A wetproofed cartxsn paper sheet 
66 is interposed t)etween tiie cathode surface of 
the membrane 64 and the cathode flow field plate 
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18. The paper sheet 66 has a number of Internal 
water flow paths 68 which are formed as the call 
operates, by the pressure of the water appearing 
on the cathode surface of the membrane 64. Water 
is thus drawn away fronj the cathode surface of the s 
membrane 64 via the flow paths 68 to the lands 17 
on the cathode flow field plate. 18. The paper 66 is 
sufficiently porous so that oxygen can diffuse from 
the grooves 15 to the plate 18 through the paper 
66 to the cathode surface of the membrane 64. io 
Thus product water flows through the paper layer 
66 in one drectton while oxygen flows through the 
layer 66 in the other direction. The water is ab- 
sorbed into the plate 16 from the surface of the 
paper 66 through the lands 17. The water which is 75 
entrained in the plate 16 Is pumped outwardly 
through the plates 16 by the pressurized oxygen in 
the flow field. The oxygen pressure is preferably 
maintained at a pressure differential, of about 15 psi 
at>ove the product water tank pressure, but the 20 
pressure differential can vary between about 10 psi 
and about 35 psi. AS previously noted, the water 
collects in the grooves 56 and exits the stack via 
the passages 34. 60. The membrane 66. as noted 
also, has water passages 65. and the paper layer 25 
66 has aligned water passages 67. 

The plate 70 . is a dense carbon 
cooler/separator plate., which is also provided with 
all of the necessary passage ports; one of which is 
a water dran passage 72. There will be one such 30 
plate 70 tietween each cell assembly to prevent 
reactant crossover t)etween adjacent cells, and to 
conduct heat outwardly through the stack 2 to the 
external coolers 4. 

Refening to Rgures 5 and 6, the end cover 35 
plate of the stack 2 is shown. The plate, designated 
generally by the numeral 74i is shown looking at its 
inside , surface in Figure 5. and is shown from the 
outside on the stack 2 in Figure 6. The plate 74 is 
provided with an inner rubber pad 7^ for sealing 4o 
against any water which may form adjacent to the 
plate 74. The openings 78. 80. 82 and 84 receive 
the reactant feed lines 86, 88, 90. and 92. respec- 
tively, as shown In Rgure 6. The openings 94 and 
96 receive water drainage pipes 98 and 100 shown 45 
in Rgure 6. The openings 102 in the plate 74 
receive tie rod assemblies 104 as shown in Figure 
6. 

Rgure 7 is a plot of amps per square foot and 
cubic centimeters of water produced per hour, 50 
equated to the pressure differential between the 
oxygen reactant in the stack and the water tank. 
The built-in bubble pressure is also noted on the * 
graph. Rgure 7 shows that satisfactory cunrent can 
be achieved by the system, and the product water 
can be removed, while maintaining the bubble bar- 
rier gas seal at.the edge of the stack. 

It will be readily appreciated that the stack of 
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this invention is readily adaptable to use as a 
portable electrical energy source In a space ap- 
plication or the like. The stack operates without any 
moving parts, save the purge valves, relying on gas 
pressure to move product water out of the active 
cell area Conventional bubble barrier techrralogy 
can bemused to fonm gas seals at the edges of tfie 
cells through which seals water can be pumped. 

Since many changes and variations of tiie dis- 
closed embodiment of the Invention may be made 
without departing from the inventive concept it is 
not intended to limit the invention otherwise than is 
required by ttie appended claims. 



Claims 

1. A stack of solid polymer fuel cells, said 
stack comprising: 

a) a plurability of fuel cells stacked one atop 
the other and each comprising a solid polymer 
electrolyte membrane; a hydrogen flow field plate 
on an anode side of said membrane and an oxygen 
flow field plate on a cathode side of said mem- 
brane, each of said oxygen flow field, plate being 
permeable to water flow; 

b) porous gas sealing plate means fonming a 
water filled k>arrier to reactant gas passage, said 
barrier surrounding each: of said oxygen flow field 
plates and abutting marginal edges of ttie latter, 

c) sakJ oxygen flow field plates being op- 
erable to remove water from a surface of porous 
carbonized, wetproofed paper sheets abutting the 
cathode surface of said membranes, and being 
operable by reason of oxygen reactant pressure to 
pass the removed water , into said porous gas seal- 
ing plate means; and 

d) water passageway means in tJtre stack 
communicating with all of said porous gas sealing 
plate means and operable to duct water from said 
porous gas sealing plate means to an end of the 
stack for removal therefrom. - 

2. The stack of Claim 1, wherein said mem- 
branes extend beyond .the margin of said hydrogen 
and oxygen flow fiekJ plates, and inciiKte apertures 
forming a part of said water passageway means, 
which apertures are edge sealed , by the membrane 
material. 

3. The stack of Claim 2, wherein said water 
passageway means is formed by a plurality of 
aligned apertures formed in margins of the stack 
and by slots formed in the porous gas sealing plate 
means aligned with said apertures. 

4. The stack of any one of clams 1 to 3, 
comprising a gas impervious separator plate inter- 
posed between each cell and tiie cells adjacent 
tiiereto. 
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5. The stack of any one of ctatms 1 to 4, 
further comprising a plurability a carbon heat-con* 
ducting plates interspersed throughout said stack 
and operable to conduct heat from the celts in said 
stack to heat dissipating means on an outside s 
surface of said stack. 



10 



.IS 



20 



2S 



30 



3S 



40 



45 



55 



5 



BNSOOOD: <EP___0343879A1 J.> 



EP 0 343 679 A1 




I 



EP 0 343 679 A1 




EP 0 343 679 A1 




70 7Z 



G 




BNSOOCID:<EP ^0343679A1J > 



EP 0 343 679 A1 




BNSDOCIO: •=eP____03«s879A1J_> 



EP 0 343 679 A1 



o 




BNSOOCIQ <EP 



J[)343e79A1_L> 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 10 9530 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of docmnettt mth indicatioo, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSinCATION OF THE 
APPUCATION ant. 0.4) 



X 

o 



DE-A-3 323 491 (GENERAL ELECTRIC CO.) 

* 01 alms 1,6; page 7, last paragraph; 
page 9, line 3 - page 11, line 22; page 
12, paragraph 1; page 16, paragraph 2 - 
page 17, paragraph 1; figures 1-3 * 

US-A--3 867 206 (J.C. TROCCIOLA et al.) 

* Figure 1; claim 1 * 

US-A-3 607 425 (W.A. TITTERINGTON et 
al.) 

* Pages 1,3; column 7, lines 18-71 * 

FR-A-2 398 392 (ENGELHARD MINERALS & 
CHEMICALS CORP.) 

* Figure 1; page 5, lines 14-22; claims 
1,10 * 

US-A-4 729 932 (J.F. McELROY) 

* Figures 1,4; claim 1; column 3, line 
13 - column 5, line 7 * 

US-A-4 414 291 (R.D. BREAULT) 



The present search report has been drawn up for all daios 



1,2,4 



THE HAGUE 



Dateof conpletioiicifthe 

25-08-1989 



CATEGORY OF CITED DOCUMENTS 

X : paiticaiaiiy r^evant if taLen alone 

Y : panicaiarly relevant if combioed with anotlia' 

documeat of the same categoiy 
A : tecfaaolo^cal baekground 
O : non-written disdosare 
P : intermediate doamient 



H 01 M 8/24 
H 01 M 8/06 
H 01 M 8/04 



TECHNICAL FIELDS 
SEAKCHED Qnt. CL4) 



H 01 M 



D'HOMDT J.W. 



T : theory or principle anderlying the inveotion 
£ : earlier patent document, but publbbed on, or 

alter the filing date 
D : docnment cited in the application 
L : document dted for other reasons 

& I member of the same patent family* corresponding 
doc&ment 



BNSOOCIO: <ep .0343S79A1 J_> 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective imaiges" within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



^SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMrFTED ARE POOR QUALrFY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



BEST AVAILABLE IMAGES 




BLURED OR ILLEGIBLE TEXT OR DRAWING 



IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



ADED TEXT OR DRAWING 



LACK BORDERS 



